
Fermi National Accelerator Laboratory 

FERMILAR-Pub-95/047 

Nuclear Dependence of J/w Production by 
800 GeV/c Protons Near xF = 0 

M.J. Leitch et al. 

Fermi National Accelerator Laboratory 
P.O. Box 500, Batavia, Illinois 60510 

March 1995 

Submitted to Physical Review D 

$ Operated by Universities Research Asxlciation Inc. under Contract No. DE-AC02-76CH03000 with the United States Department of Energy 



This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, orprocess disclosed, or represents that its use would not infringe 
privately owned rights. Reference herein to any specific commercial product, process, or 
service by trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or fauoring by the United States 
Government or any agency thereof. The uiews and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States Government or any agency 
thereof. 



Nuclear Dependence of J/g Production by 800 GeV/c Protons 
near xF = 0 

M. J. Leitch,l J. Boissevain,’ C. N. Bro~n,~ T. A. Carey,’ Y. C. Cheq3+ R. Childers,4 
W. E. Cooper,’ C. W. Darden, 4 G. Gidal,’ H. D. Glass,’ K. N. Gounder,z’b P. M. Ho,~ 

L. D. Isenhower,6 D. M. Jan~en,~ R. G. Jeppeseql” D. M. Ka~lan,~‘~ 3. S. Kapustinsky,l 

G. C. Kiang,8 M. S. Kowitt,‘~’ D. W. Lane,‘f L. M. Lederman,9~d J. W. Lillberg,’ 

W. R. Luebkq7bd K. B. Luk,5 V. M. Martin, ‘I9 P. L. McGaughey,’ C. S. Mishra,’ 
J. M. Moss,’ J. C. Peng,’ R. S. Prestoq7 J. Sa,7 D. Pripstein,’ M. E. Sadler,’ 

R. Schnathorst,6~” M. H. Schub,gr’ V. Tanikella,’ P. K. Teng,8 and J. R. Wilsoq4 

1 Los Alamos National Laboratory, Los Alamos, New Mexico 87545 
’ Fermi National Accelerator Laboratory, Batavia, Illinois 60510 

3 Institute of Physics, National Cheng Kung University, T&an, Taiwan 

’ University of South Carolina, Columbia, South Carolina 29208 

’ Lawrence Berkeley Laboratory and University of California, Berkeley, California 94720 

’ Abilene Christian University, Abilene, Texas 79699 
7 Northern Illinois Uniuersity, DeKalb, Illinois 60115 

a Institute of Physics, Academia Sinica, Taipei, Taiwan 

’ University of Chicago, Chicago, Illinois 60637 

(March 22, 1995) 

Abstract 

The nuclear dependence for 800 GeV/c proton production of J/$‘s has been 

measured near ZF = 0. J/$‘s produced from beryllium, carbon, and tungsten 
targets were detected with the Fermilab E789 pair spectrometer. These data 

extend the results from E772 down to the range IF = -0.1 to 0.1 and indicate 
a gradually increasing suppression as IF falls below zero. 
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A strong suppression of the production of heavy vector mesons in proton-nucleus collisions 

has been observed in heavy nuclei relative to light nuclei [l-5]. In heavy-ion collisions, a 

similar suppression is seen when comparing central to peripheral collisions [6]. A number 

of mechanisms for this suppression have been advanced including modification of the gluon 

structure functions in nuclei and dynamical effects such as multiple scattering and energy 

loss in the initial state or dissociation in the final state [7-121. In order to obtain a clearer 

picture of these effects and determine which are most important, measurements are needed 

over a broad range of Z,P and ztorget for various processes, since each mechanism should be 

most important in certain regions of kinematic space and for certain reactions. The effect of 

dissociation or absorption of the produced heavy-quark system by the nucleus or by comoving 

light partons should be most important near ZF = 0 and below, where the heavy-quark pairs 
which will form the vector mesons are moving more slowly and therefore have more chance 
to be dissociated. Recent results on open charm production near ZF = 0 [13], where this 

kind of absorption would be absent, have shown no nuclear dependence. This suggests that 

absorption may be the dominant cause of the J/T) suppression at small ZF seen in E772 [l]. 
Here we report measurements from E789 for the nuclear dependence of J/g production at 

ZF values below those of E772, down to -0.1. 
The measurements were made using the small-aperture pair spectrometer in the Fermilab 

Meson East beam line which has been described previously [1,2,13-161. Useful acceptance 

for J/G i p+p- was obtained for +,P between -0.1 and 0.1. A rotating wheel of targets 

was placed 1.27 meters downstream of the usual target position in order to increase the 
acceptance near 2~ = 0. The targets were 7.3 cm diameter solid disks with thicknesses 

of 2.433 cm for beryllium, 2.032 cm for carbon, and 0.298 cm for tungsten. Target out 
measurements were used to check for backgrounds not originating in the target. A total per 

nucleon luminosity of about 0.15pbk’ was accumulated alternating among these targets. The 
relative beam flux normalization was obtained from an ion chamber and a secondary-emission 

monitor upstream of the targets. 
Dimuon mass spectra obtained for the three targets, integrated over ZF and pi, are shown 

in Fig. 1. A clear peak is evident at the J/T/I mass of 3.097 GeV/c’. The mass spectra binned 

in Z.P and pi and were fitted by an asymmetric Gaussian plus a polynomial background to 
obtain the number of J/$‘s in each bin. The ZF and pi dependent ratios of cross section per 

nucleon were obtained using the relative beam on each target, the target thicknesses, and 
the observed yields. Uncertainties are completely dominated by the J/$J statistics. Since 

the singles rates in the tracking detectors were nearly identical for the three targets no rate 

dependent corrections were necessary. Using the form 0 0: A*, where g is the cross section 
and A is the nucleon number, the parameter CY was obtained from a fit to the beryllium, 

carbon, and tungsten data points for bins in z~, Q, and PT. The results are shown in Table 
I and in Figs. 2 and 3, along with previous results from E772. 

The only previous J/T,!J measurements in this region of ZF are for a riT- beam at 39.5 

GeV/c with the Omega spectrometer [17]. Those measurements have uncertainties that are 
about a factor of two larger than ours. Although the pion data show an overall suppression 
that is less than observed in the present measurements, they do show a similar trend of 

increasing suppression with smaller IF. 
The ZF dependence of a: for J/~‘I production is shown in Figure 2. The measurements 

of cy reported here lie at values of ZF well below those of E772, and show an increasing 
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suppression as ZF falls below 0.10. Th’ t 1s rend is also similar to that seen previously for the 
T [18]. The z2 dependence of our measurements, shown in Figure 3a, is consistent with that 

of E772 and shows a gradual falloff with larger z2, The z2 range of our data, 0.05 to 0.09, is 

well above that of the earlier measurements and above the strongest part of the shadowing 
region [19]. The pi distribution of LY, shown in Figure 3b, is also consistent with the earlier 

measurements. Although our results suffer from low statistics relative to those of E772, they 
are adequate to indicate the increasing suppression at low ZF. 

The increasing suppression of J/ll, production at negative 5~ seen in these data can be 

explained qualitatively by dissociation effects from the comoving light partons, e.g. where 

the CC pair is dissociated into an open-charm pair (DD) before it can form a J/g. The 

region of 12 covered by these data is probably too high for significant effects from shadowing 
[19] and is too low for the usual “EMC” effects seen at larger z2 [19]. Initial state energy 

loss effects [lo] would produce an opposite trend to that seen in these data, and an intrinsic 

charm effect [8], if any, is predicted to be important only at large IF. 

This work was supported by the U.S. Department of Energy and the National Science 
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TABLES 

TABLE I. Dependence of a and R for J/$ production on ZF, 32, and PT. 

< ZF > R(CIBe) RF/Be) a 

-0.023 0.87950.057 0.686*0.047 0.889f0.026 

0.032 

< 12 > 

0.061 
0.086 

< PT > 

(GeV/c) 

0.881ztO.041 0.684*0.041 0.886f0.025 

0.947~0.055 0.71710.043 0.893zkO.019 

0.842+0.043 0.659~0.035 0.880*0.019 

0.16 0.782f0.081 0.743z!co.o74 0.932zkO.026 

0.40 0.92910.044 0.725*0.038 0.903*0.013 

0.77 0.928ztO.063 0.709*0.050 0.890f0.018 
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FIG. 1. Dimuon mass spectra for the three nuclear targets integrated over the other kinematic 
variables (not corrected for acceptance). 
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FIG. 2. IF dependence of a for 800 GeV/c proton production of J/$‘s from this experiment 
(circles) compared to that from E772 [l] ( q s uares). Also shown are the data from E789 for large 

2~ J/T/I’s [2] (diamonds) and for neutral D production [13] (triangle). 
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FIG. 3. 22 and pi dependence of a for 800 GeV/c proton production of J/$‘s from this exper- 

iment (circles) compared to that from E772 (squares). 
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